Single crystals of K 2 Ln(NO 3 ) 5 ' 2H 2 O (Ln ‫؍‬ La, Ce, Pr, Nd, Sm) (KLnN) were grown by evaporation in aqueous solution under constant temperature conditions. The structure of KPrN was determined from the single-crystal X-ray di4raction data. The KPrN crystallizes in the orthorhombic space group Fdd2 with parameters a ‫؍‬ 21.411(3) A s , b ‫؍‬ 11.2210(10) A s , c ‫؍‬ 12.208(2) A s , Z ‫؍‬ 6, V ‫؍‬ 2933.0(7) A s 3 , R ‫؍‬ 0.0240, R w ‫؍‬ 0.0603. The powder second harmonic generation (SHG) intensities of KLnN (Ln ‫؍‬ La, Ce, Pr, Nd, Sm) are also studied. The results demonstrate that their SHG intensities are 4+9 times larger than that of KDP, in which the KPrN shows the highest SHG coe7cient.
INTRODUCTION
Recently there has been an increasing interest in the investigation of obtaining perfect SHG (second harmonic generation) materials under mild experimental conditions in which crystals can be easily grown with large size and high quality. Such kinds of nonlinear optical materials of K¸nN (¸n"La, Ce) were reported in 1993 (1) for the "rst time. The properties of a series of double nitrates of praseodymium with alkali metals including Li Pr(NO ) ) 4H O, Na Pr(NO ) ) H O, and Cs Pr(NO ) ) H O were studied by Molodkin (2) . However, the crystal of K Pr(NO ) ) 2H O was not obtained in the same experimental conditions. In order to study the nonlinear optical properties of this series of double nitrates, we changed experimental conditions in (2) and got K¸nN (¸n"Pr, Nd, Sm). Their structure and nonlinear optical properties were studied by FCD (four-circle di!ractometer) and powder SHG measurements, respectively.
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EXPERIMENTAL

Crystal Growth
The complexes of K¸nN (¸n"La, Ce, Pr, Nd, Sm) are water soluble crystals and can be easily grown by evaporation under constant temperature conditions or by slow cooling. In this paper, evaporation under constant temperatures between 40}653C has been successfully used to obtain K¸nN crystals. For example, for KPrN's crystal growth, 260 ml aqueous solution containing KNO (concentration: 5.5 M) and Pr(NO ) (concentration: 2.65 M) was evaporated at 553C. Molodkin did not obtain the crystal of KPrN in aqueous solution with [H>]+6 N. The pH value was adjusted to 1}2 when the volume of the solution was reduced to about 170 ml. Later the single crystal of KPrN grew slowly from the solution and it took three days to grow to the dimensions 18;18;10 mm, shown in Fig. 1 . The single crystal of K¸nN (¸n"La, Ce, Pr, Nd) was grown from a solution containing K and¸n in a molar ratio 2 : 1 in a similar way and kept in the normal desiccator while a single crystal of KSmN whose crystal shape is the same as K¸nN (¸n"La, Ce, Pr, Nd) should be kept in a vacuum container because the transparent lightyellow single crystal of KSmN became opaque as soon as it was pulled out of the solution of KNO and Sm(NO ) . The chemical analysis demonstrated that the molecular formula of these crystals is K ¸n (NO ) ) 2H O (¸n"La, Ce, Pr, Nd). The picture of a single crystal of K Pr(NO ) ) 2H O with dimensions of 18;18;10 mm is shown in Fig. 1 .
Characterization
The structure of KPrN was solved on Siemens P4 fourcircle di!ractometer which used graphite monochromatic MoK radiation ( +)?
"0.71073 A s ). The SHG intensity was measured by powder SHG measurement with the experimental conditions of 1.06 m (YAG : Nd) laser wavelength, &3.14 kw/cm peak power density, 3 mJ single (2) 9868 (4) 5250 (3) 27 (1) ?; is de"ned as one third of the trace of the orthogonalized ; GH tensor.
pulse energy, 700 V photoelectricity multiplication tube, and a M118 di!erence preampli"er. All reagents used in our experiments are analytical reagents.
RESULTS AND DISCUSSION
Structure of KPrN
The crystal structures of KLaN, KCeN, and KNdN have been described in (3, 1, 4) . We have determined the crystal structure of KPrN, which proved to be isostructural to KLaN, KCeN, and KNdN. The X-ray di!raction data of a light-green single crystal of KPrN with dimensions approximately 0.50;0.40;0.36 mm were collected on the Siemens P4 four-circle di!ractometer with graphite monochromater and MoK radiation ( "0.71073 A s ). A total of 1468 re#ections were measured, of which 1204 (R "0.0200) were unique and considered signi"cant with I '2d(I ) in the range 5(2 (60 by the -2 scan technique at room temperature. All data were corrected for Lorentz factors and empirical absorption. The structure was solved by direct method and all nonhydrogen and hydrogen atoms were found in di!erence electron density maps. The atomic coordinates and anisotropic temperature factors for nonhydrogen atoms were re"ned by a full-matrix leastsquares method using the SHELXTL-PLUS program package. The "nal unweighted and weighted agreement factors of R" ""F !F ""/ "F ""0.0240 and R "[ ("F "! "F ")/ F ]"0.0603 were obtained. The largest peaks on the "nal di!erence Fourier map had a height of 2.181eA s \. A summary of the crystal and intensity measurements data are given in Table 1 and atomic coordinates are given in Table 2 . Table 3 shows the anisotropic displacement parameters [A s ;10] for KPrN. Figure 2 shows a portion of the structure of KPrN. It illustrates that the Pr atom is coordinated by twelve oxygen atoms, ten of them belong to "ve bidentate nitrate groups and two are water molecules. The K atom is nine-coordinated, including two bidentate nitrate groups, four (1) 23 (2) 20 (2) 28(2)
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Note. The anisotropic displacement factor exponent takes the form
nomodentate nitrate groups, and one water molecule. The Pr and K atoms are connected through NO\ or NO\ and H O, while K and K atoms are connected through NO\ .
O]\ complex has no direct contact with adjacent Pr-complexes, but the three-dimensional framework is formed by potassium ions, nitrate groups, and hydrogen bonds. Table 4 lists the selected bond distances and angles concerning a portion of the structure of KPrN. The Pr}O bond lengths, including the coordinated nitrate and water oxygens, vary in a narrow range (2.570}2.693 A s ) and the average bond length of Pr}O (NO\ ) is 2.634 A s and of Pr}O(H O) is 2.646 A s , indicating that the coordination icosahedron around Pr is slightly distorted.
It is well known that the free nitrate group is a plane anion with a threefold symmetry axis. Its symmetry is slightly distorted when it coordinates an atom of metal. It can be seen that the O}N}O interbond angles of N1 and N2 nitrate groups in KPrN show a small deviation from 1203 and the N}O distances are all unequal. However, the N3 nitrate group shows a twofold symmetry, as can be seen from Fig. 3 . Usually in rare-earth nitrates of alkali cations the¸n> ion locates in the same plane as nitrate groups (5). It is found that the N}O distances vibrate within the limits 1.217}1.228 A s for the O atoms not coordinated by Pr atoms while within 1.260}1.273 A s for those coordinated. Therefore the presence of the Pr}O bond elongates the corresponding distance O}N and the oxygen atoms uncoordinated by Pr are closer to the nitrogen atom than those coordinated. We also found that the O}N}O interbond angle involving the two coordinated oxygen atoms is smaller than 1203 (average value is 116.63) and the other two angles are slightly larger than 1203 (average value 121.73).
Powder SHG Measurement
A powder technique for the evaluation of nonlinear optical materials (6) was used to measure the SHG intensity of K¸nN (¸n"La, Ce, Pr, Nd, Sm). The results were listed in Table 5 .
The SHG powder data of K¸nN demonstrates that their SHG intensities are at the same order of magnitude. As we know, the SHG intensity (IS ) has direct relations to non-phase-matching SHG coe$cients (d ,.+ ), refractive indexes (n), average values of the particle size (r), and the thickness of the plate (l ):
It can yield
where n )". "1.49 ( "0.53 m) and n +n )*, "1.5382 ( "0.5461 m). It can be seen that the average values of d of K¸nN in Table 5 coincide with those of KLaN, reported by Ebbers et al. Since KPrN itself re#ects green light ( "530 nm) which is received by the SHG measurements, the value of d )., is much larger than that of K¸nN (¸n"La, Ce, Nd, Sm).
From the point of crystal structure, it is well known that only 16 of the 32 kinds of point groups have the nonzero SHG coe$cient; they are 1, 2, m, mm2, 222, 4, 4 , 4mm, 4 2m, 3, 3m, 32, 6, 6 , 6 2m, 6mm. The point group of KPrN is mm2, which is among the 16 kinds. At the same time, some theoretical models have been established to explain and predict the nonlinear optical properties of the crystals; the anharmonic vibronic oscillator model (7), the charge transfer process (8, 9) , the ionic group theory (10) and so on (11}13). Among them, the ionic group theory, set up by Chen in 1977, is very helpful to explain the nonlinear optical properties of the crystals of type AB, in which A is a cation and B is an anion. Its main idea is that the nonlinear optical property of the crystal AB is a local e!ect and it is the anionic group (not a simple anion) that accounts for this property. The anionic group should be a planar noncentrosymmetric units with } * character and lone pair electrons. According to this theory, if the investigated K¸nN is regarded as a type A A B crystal, in which A and A are Table 4.) two metal cations, then the anionic group NO\ ( , four atoms with six electrons) must be one of the main origins of the nonlinear optical properties because it has the above characters which can be seen from the structural analysis of KPrN. We also guess that the anionic group [¸n(NO\ ) ) 2H O]\ may be responsible for another main origin of the properties since it is a slightly distorted icosahedron.
The K¸nN crystals have two main obvious merits: "rst, their SHG coe$cients are 2}3 times larger than that of KDP(KH PO ), comparing very favorably to those of KTP(KTiOPO ) and KNbO ; second, they can be easily grown from water solution with a larger size and higher damage threshold than those of the higher temperature crystals. Ebbers et al. (1) have also pointed out that the isostructural crystals of KLaN and KCeN possess a rather rare attribute: they are nearly noncritically phase matched at room temperature for Type I frequency doubling of 1.064 m light and for type II doubling of light near 0.95 m. Therefore, the phase-matching properties of KLaN compare very favorably to those of LBO(LiB O ). However, their disadvantage is also obvious: their stability is not very good because of their water solubility, but it can be overcome by coating them with hydrophobic "lm. For the above reasons, the series of K¸nN (¸n"La, Ce, Pr, Nd, Sm) may be very useful for generating blue-green light by frequency doubling high power near infrared lasers.
CONCLUSIONS
The single crystals of K ¸n (NO ) ) 2H O (¸n"La, Ce, Pr, Nd, Sm) (K¸nN) are water-soluble crystals and can be easily grown in water solution by evaporation under constant temperature between 40}653C. The structure of KPrN was solved by direct method and proved to be isostructural to KLaN }O (3) }O (3) 68.08 (13) (3) }O (3) }O (3) 161.45 (12) (3) }O (8) }O (8) 67.61(14) (3) }O (8) }O (8) 65.4(2) (3) O (1)}Pr}O (1) 65.6(2) (3) }O (2) O (1) }Pr}O (1) 71.94 (13) (3) }O (2) }O (2 dc"1.920 kgm\, "2.998 mm\, R"0.0240, R " 0.0603. The powder SHG intensities of K¸nN (¸n"La, Ce, Pr, Nd, Sm) are 4}9 times larger than that of KDP. The average SHG coe$cient of KPrN is a little higher than that of K¸nN (¸n"La, Ce, Nd, Sm). Their nonlinear optical properties can be explained by the ionic group theory. The NO\ must be one of the main origins of the nonlinear optical properties because it is a planar noncentrosymmetric units with } * character and lone pair electrons. Their SHG coe$cients are 2}3 times larger than that of KDP(KH PO ) and can be easily grown from a water solution with a larger size and higher damage threshold than those of the higher temperature crystals. These series of K¸nN (¸n"La, Ce, Pr, Nd, Sm) are prospective crystals for generating blue-green light by frequency doubling high power near infrared lasers. 
